In most bacteria, studies on many interesting biological phenomena and metabolites are limited by lack of a suitable gene transfer system. Development of a well-characterized genetic system in these bacteria could allow a significant expansion of our understanding of the physiology and molecular biology of bacteria and increased production of metabolites. Recently, Goldberg et al. developed a method using PlclrlOOKM, which confers kanamycin resistance (4), for isolating mutants sensitive to coliphage P1 from some strains of enteric bacteria. Using the same P1 phage and F' episomes, we created intergeneric hybrid strains of enteric bacteria by transfer of the leucine and tyramine oxidase genes between Klebsiella aerogenes, Escherichia coli, and Salmonella typhimurium (14) . These techniques allowed us to examine the genetic control of enzyme synthesis in enteric bacteria and to isolate hybrid strains that showed high enzyme activity. In the present work we extended the bacterial host range of P1, making it possible to construct and study intergeneric hybrids.
Most of the bacterial strains used in this study were obtained from the Institute for Fermentation, Osaka Ltd., Tokyo).
PlclrlOOKM prepared from E. coli C600 was used to select Pl-sensitive variants from a resistant population of bacteria. PlclrlOOKM phage is heat inducible and confers kanamycin resistance when present as a prophage (in lysogens) (4) . A modification of the method of Goldberg et al. (4) was used for isolation of strains lysogenic for phage PlclrlOOKM. A 0.2-ml portion of PlclrlOOKM (5 x 10' plaque-forming units per ml) prepared from E. coli C600 was added to 0.2 ml of a 20-h culture of kanamycinsensitive bacteria (about 1 x 108 to 5 x 108 cells per ml) that had been grown aerobically in LBC medium. CaCl2 was added at a final concentration of 5 mM, and the mixture was incubated at 30°C for 30 min to allow phage adsorption. Then the mixture was centrifuged, and the pellet was diluted with saline, plated on LBKM plates, and incubated for 1 to 3 days at 300C. This procedure generally yielded between 2 and 100 colonies. Most of these proved to be P1 lysogens. P1 lysogeny was checked by transferring a purified colony to two LB plates, one of which was incubated at 30°C and the other at 39°C. Lysogens of PlclrlOOKM grow well at 300C and very poorly at above 370C, but P. amyloderamosa SB15 showed very poor growth at 39°C, even when not infected with P1.
When 108 cells of E. coli C600 (P1 sensitive and kanamycin sensitive) were incubated with phage at a multiplicity of infection of 1, 8 x 106 kanamycin-resistant colonies were obtained. This indicates that about one-tenth of the PlclrlOOKM particles formed kanamycin-resistant colonies. The efficiencies of transfer of drug resistance to various strains of gram-negative bacteria including E. coli C600 were compared (Table 1) . Of the drug-sensitive bacteria tested, K. aerogenes, K. pneumoniae, and Enterobacter aerogenes formed the most kanamycin-resistant colonies. Citrobacter freundii also showed a high efficiency of transfer of the drug-resistant gene. Serratia marcescens, Proteus inconstans, Proteus mirabilis, Proteus vulgaris, and Erwinia carotovora showed the same order of efficiency of transfer. Some kanamycin-resistant colonies of S. typhimurium LT2 were obtained, although Goldberg et al. failed to detect them (4) , but their number was only 1/5,000 of those of K. Lysogeny was also confirmed by demonstrating that the kanamycin-resistant and temperature-sensitive clones isolated were capable of releasing phage and forming plaques on LBC plates at 300C. PlclrlOOKM lysates of E. coli C600 were prepared as described by Rosner (15) . When PlclrlOOKM phages from K. aerogenes W70 were seeded onto a lawn of strain W70, very small plaques were observed. Furthermore, stocks of these phages formed plaques on E. coli W3350 with an efficiency of about 101 to 10-2 of that on E. coli C600 (restriction-and modification-less mutant), suggesting the operation of a restriction-modification system. Phage Plkc grown on W3350 gave about three orders fewer plaques on P1-sensitive clones of K. aerogenes than on E. coli strains C600 or W3350. Therefore, E. coli C600 was used as the indicator for assay of P1 phage from various bacteria.
Overnight cultures of lysogens of various bacteria grown in LBKM medium at 300C were diluted 1:100 with LBC medium and grown with reciprocal shaking to a density of about 108 bacteria per ml. The cultures were incubated at 400C for 30 min and then at 370C until lysis was observed (about 30 to 120 min, depending on the strain used). Lysis was ascertained by decrease in turbidity and by formation of cell-flocks at the bottom of test tubes. After lysis, the culture on October 28, 2017 by guest http://aem.asm.org/ Downloaded from was treated with chloroform, and the debris was removed by centrifugation. Phages were stored over a few drops of chloroform. Phage titers were determined as follows. E. coli C600 was grown in LBC medium to a density of 109/ml. Appropriate dilutions of the lysate (0.1 ml) were mixed with the culture broth of strain C600 (0.2 ml) and incubated at 300C for 30 min to allow adsorption. Three milliliters of top agar was added, and the mixture was poured into LBC plates and incubated at 300C overnight. Table 1 shows typical phage yields from various lysogens obtained by thermal induction. Although the phage yields in different bacteria varied considerably, all but three of the kanamycin-resistant strains produced temperaturesensitive P1 phage; the kanamycin-resistant strains of A. faecalis var. myxogenes 10C3K, A. tumefaciens IFO 3058, and Flavobacterium sp. M64 did not produce P1 phage. The generation of kanamycin-resistant bacteria on infection with PlclrlOOKM phage showed that DNA carrying the kanamycin-resistant gene could enter these bacteria and could replicate through many cell divisions. Loss of drug resistance from bacteria propagated in the absence ofkanamycin suggests that the kanamycin-resistant gene has not stably integrated into these bacterial chromosomes and that it may be replicating as a plasmid. The dissociation of kanamycin resistance and P1 phage may occur easily in these bacteria, and the expression of P1 genes may be toxic to these bacteria. However, there is no evidence at present for replication of these P1 genes, and no infective phage results from the infections. P1CM also carried the gene for chloramphenicol resistance from E. coli into Myxococcus xanthus, but did not produce P1 phage in the lysogens of M. xanthus (9). Goldberg et al. (4) isolated lysogens of E. carotovora, but did not detect any release of phage. We succeeded in obtaining P1 phage from the same species of bacteria, probably due to different strains used. Since the lysogens of these drug-resistant bacteria were unstable, cultures were subjected to serial single-colony isolation once a month in LBKM medium.
Most of the bacterial strains used here are important in agriculture or in microbial industry: K. aerogenes W70 produces special enzymes, arylsulfatase (18) , histidase (16), pentitol-degradating enzymes (17) , or pullulanase (2, 11) ; K. forms succinoglucan depolymerase (1); and P. amyloderamosa SB15 produces isoamylase, which in combination with ,8-amylase is used to make maltose (8) . By using the P1 phage, intergeneric hybrid strains between E. coli, K. aerogenes, and S. typhimurium have been created (14, 19) . Thus, P1 could be used to transfer special genes among the strains of gram-negative bacteria listed here as well as among the strains of enteric bacteria Enterobacter liquifaciens, Enterobacter cloacae, and Erwinia amylovora reported by Goldberg et al. (4) . However, a low transduction frequency was observed when the donor and recipient organisms were from different bacterial genera, owing to lack of deoxyribonucleic acid homology between the selected genes (14, 19) . Moreover, the optimal multiplicity of infection is 0.1 to 0.5 for transduction between members of the same strain, whereas it is 5 to 10 for intergeneric transduction (14) . P1CM or Plclrl00CM could be used to isolate P1-sensitive clones from bacteria that are resistant to kanamycin and P1 phage, as already achieved with M. xanthus (9) , Pasteurella (13), and K. aerogenes (17) .
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